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: Theoretical isotope profiles for natural and 13 
Derivation of eqn (1)
In a situation of perfect regioselectivity, the relative integrations of the resonances at δ x ppm (labelled position) and δ y ppm (unlabelled position) are equal to the ratio of 13 C abundances (L and N) at the two carbonyls:
where L is the 13 C atom% of the labelled carbonyl and N is the natural abundance of 13 C (taken as 1.109%) at the unlabelled carbonyl.
Eqn (S1) can be modified to describe scenarios where a proportion of the molecules have undergone acyl migration. In this case, let z be the proportion of the mixture of regioisomers with the desired regiochemistry:
Rearranging eqn (S2) to isolate z gives eqn (S3), which can be used to calculate the proportion of molecules in the sample that have the desired regiochemistry:
In equation S3, z has a value between 0 and 1. The percentage ratio of regioisomers in the mixture, R, is obtained directly from z (eqns S4 and 1):
Simplified Version
If the atom% 13 C at the labelled carbon is sufficiently high (>99%), eqn 1 can be simplified by assuming the signals at δ x ppm and δ y ppm are both due entirely to the presence of the 13 Clabelled carbon. In this situation, N can be treated as having a value of 0, and L can be treated as having a value of 1. Substituting these values into eqn 1 gives eqn S5:
This simplified version gives values of R that closely agree with that of Eqn 1 for modest levels of regioselectivity where the integrals of the resonances at δ x ppm (labelled position) and δ y ppm (unlabelled position) are similar, but for high levels of regioselectivity where the integrals are substantially different, eqn 1 diverges from eqn S5 and the former should be used.
Protocol for quantitative NMR analysis
NMR samples were prepared such that the concentration of analyte and Cr(acac) 3 were 80-90 mM and 50 mM, respectively. Inverse-gated proton-decoupled 13 C spectra were collected over a spectral width of 31250 Hz, with an acquisition time of 0.7 s, and 21875 complex points. A flip angle of 45° and a relaxation delay of 10 s were used. Samples were heated to 25 °C and spun at 20 Hz. Signal averaging over a minimum of 2000 scans was sufficient for quantitation. The resultant quantitative 13 C spectra were deconvolved using peak-fitting in MestreNova 10; peaks were fitted to a generalized Lorentzian equation. Peak positions, peak widths at half-height, and optimal combination of Lorentzian and Gaussian (L/G) shapes for each individual peak were allowed to vary to optimize fit.
Peak areas for the fitted curves were normalized against the smaller peak.
Measurement of isotopic labelling of 1-13 C-palmitic acid
1-13 C-labelled palmitic acid (99 atom%) was purchased from Sigma-Aldrich. This material was assumed to comprise a mixture of two compounds: 1) 1-13 C-palmitic acid, with natural isotopic abundances at the remaining 15 carbons, and 2) unlabelled palmitic acid, with natural isotopic abundances at all 16 carbons. The predicted ESI-MS [M-H]profiles for each of these two compounds are listed in Table S1 . The signals at m/z 255 and 258 are specific for the natural and 13 intensities at m/z 255 and 258 were calculated separately from peak heights and peak areas ( Fig S1) .
Substitution of the measured I 255 /I 258 values, and the ρ 255 /ρ 258 values from Table 1 , into eqn (S7) yielded L as 0.9924 based on peak height, and 0.9956 based on peak area. The mean of these values (99.4 atom% 13 C) was used in regioselective fidelity calculations.
Figure S1
: Negative ion FTMS-ESI SIM spectrum of commercial 1-13 C-palmitic acid. Signal averaging was performed over 50 scans. I255/I258 values were calculated based on A) peak heights and B) peak areas.
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Experimental
General
Proton nuclear magnetic resonance spectra ( 1 H NMR, 400, 500 MHz) and proton decoupled carbon nuclear magnetic resonance spectra ( 13 C NMR, 100, 125 MHz) were obtained in deuterated chloroform with residual protonated solvent, or the central 13 
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